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Introduction
concerning the measurement of labor turnover and the identification of causal effects of labor turnover on firm performance.
Apart from methodological issues, the transferability of results regarding the consequences of labor turnover -from established firms to young firms -is generally very limited. First, hierarchies in most new ventures can be considered to be flat, and processes within these ventures are often informal and not yet standardized (Rajan and Zingales, 2001 ). An individual employee might have a much larger share of relevant tacit knowledge in a young, small firm than he or she might bear in a larger established firm. Hence, the inflow or outflow of a single employee might trigger much greater friction for a new venture (Baron et al., 2001) . Second, small firms are not covered by most studies on labor turnover and most young firms are still small. To avoid bias in the analyses, small firms are often systematically excluded from the samples. Third, young firms are particularly sensitive to risk factors identified in the previous literature for high rates of worker replacement that are unintended by the firm. Worker replacement that is not part of the personnel strategy of a firm might be thought of as a driver of unfavorable consequences of worker replacement. Important sources of unintended worker replacement are a lack of experience in recruitment and strong employment growth in earlier periods (Burgess et al., 2000a; Lane, Isaac and Stevens, 1996) . Both result in a suboptimal quality of employer-employee matches, which then need to be resolved. Young firms differ from established firms with regard to these risk factors: the firm's growth is often particularly strong in the early years and the routines for recruitment decisions have not yet been established. Thus, young firms should be less able to secure good employer-employee matches than are established firms. In addition, most young firms are financially restricted when competing with established firms for the best employees (Brixy et al., 2007; Cabral and Mata, 2003) . Hence, young firms' most productive employees -who can be considered to be most likely to have outside options with higher remuneration -might be responsible for a disproportionately high share of employee resignation in young firms.
The main contribution of this paper is therefore to unravel how worker replacement affects the productivity of young firms. Thus, this paper has important managerial implications for the personnel strategies of young firms. In addition, this paper connects strands in the literature in management and personnel economics that address the effects of labor turnover on firm performance and are currently experiencing parallel evolution.
For the empirical analyses, I use data from the KfW/ZEW Start-Up Panel. This dataset is representative of young German businesses in almost all industries and was developed jointly by the KfW, the world's largest national development bank, and the Centre for European Economic Research (ZEW). Using structural identification to address methodological concerns regarding reverse causality between worker replacement and productivity, I find that, overall, worker replacement has negative effects on the productivity of young firms. Groups of firms for which worker replacement is positively related to productivity cannot be identified. The negative productivity effect of worker replacement is stronger for firms in which the founders lack managerial experience. Most importantly, replacements that are initiated by a young firm itself seem to be as harmful for the productivity of a young firm as quits by employees. These findings are important in management terms and suggest that the loss of tacit knowledge and adjustment costs are very high when workers are replaced in young firms.
The remainder of this paper is organized as follows: I summarize the most relevant concepts and the results in the related literature in Chapter 2. I develop hypotheses in Chapter 3. In Chapter 4, I present the empirical model, data I use, and identification strategy. In Chapter 5, I present the results. Conclusions and limitations are discussed in Chapter 6.
Related literature: concepts, measures, and results
While there seems to be a consensus in the management literature that labor turnover is more negatively than positively related to a firm's performance , there is still an on-going discussion about the correct measure for turnover to use, the exact shape of the relationship, the direction of causality, and the underlying mechanisms and moderators that drive the results (Hausknecht and Holwerda, 2013; Yanadori and Kato, 2007; Shaw et al., 2005) .
This leaves open questions concerning whether specific groups of firms are affected to different extents by labor turnover and the factors that cause such differences. Despite the progress that has been made, there is still no study that addresses the effects of labor turnover on the performance of young firms. To the best of my knowledge, the only exception is Baron et al. (2001) , who study a sample of young high-tech firms in Silicon Valley and highlight the potentially disruptive nature of labor turnover, especially in the early years of a firm's existence. However, when being included in their sample, the firms are already up to six years' old and have at least 10 employees. The average employment size is even almost 70 employees. Thus, their sample is highly selective and their results are hardly representative of young entrepreneurial firms. Shaw et al. (2005) and Shaw (2011) roughly differentiate the performance measures chosen by previous studies into "proximal" dimensions that measure the performance of the workforce directly (such as productivity or customer satisfaction) and more "distal" performance measures, which are affected by labor turnover via the proximal outcomes (such as profits or return on assets). Since no prior studies have analyzed how labor turnover affects young firms' performance, I concentrate on the "proximal" performance measure productivity as a first step in understanding the effects of labor turnover on young firms' performances in this paper. A proximal measure should be less affected by additional mediating factors than should distal measures, and should allow to identify effects of worker replacement in the most accurate way (Yanadori and Kato, 2007) .
While meta-analyses and surveys (Shaw, 2011) in the existing research show that the effects of labor turnover on distal performance measures are clearly negative, the picture concerning productivity or other more proximal measures is less decisive. While some studies report a negative linear relationship between labor turnover and productivity (Baron et al., 2001; Yanadori and Kato, 2007; Shaw et al., 2005; Huselid, 1995) , other studies report evidence of an inverted u-shape (Glebbeek and Bax, 2004; Müller and Peters, 2010) , attenuated negative shapes (Shaw et al. 2005 , or no significant direct relationship at all Siebert and Zubanov, 2009; Arthur, 1994; Guthrie, 2001; McElroy et al., 2001) .
I argue that the indecisiveness concerning shorter term performance measures for established firms might be related to two main drawbacks that have been noted in the existing research, namely reverse causality between labor turnover and a firm's performance, and issues concerning the measurement of labor turnover. First, up to now, no study has dealt comprehensibly with reverse causality between a firm's performance and labor turnover: labor turnover could as easily be a consequence of a firm's poor performance rather than its cause. Yanadori and Kato (2007) demonstrate the problem by showing that lower firm performance is a significant predictor of higher labor turnover in their study. The problem of reverse causality is frequently addressed as a limitation (Yanadori and Kato, 2007; Shaw et al., 2013) , but is not approached beyond the use of lagged turnover measures. Using lagged turnover rates, however, does not resolve the issue in the event that firms act forward looking or when it takes some time to fire unproductive employees. Thus, the problem of reverse causality could be one reason that negative effects are more pronounced for more distal performance measures: management is more likely to react by firing and/or replacing employees when distal measures such as profit or return on assets decline than when productivity declines in the short run.
Second, existing management studies use either total separation rates or the voluntary (from the perspective of the employee) separation rates of employees as measures for labor turnover.
Both measures have drawbacks (McElroy et al., 2001; Hausknecht and Holwerda, 2013) . On one hand, results for total separations and voluntary resignations are hardly comparable and different authors have argued that more work is necessary in order to differentiate between the results for different measures (Shaw, 2011; McElroy et al., 2001) . On the other hand, separation rates are particularly likely to be influenced by the problem of reverse causality mentioned above.
Since they also include separations due to downsizing, separation rates are by definition larger for contracting firms with, most likely, performance that is deteriorating simultaneously. The same is also true for voluntary quit rates, as employees are likely to leave deteriorating firms. In line with this concern, McElroy et al. (2001) found that labor turnover is particularly harmful in downsizing firms.
In a simultaneously evolving strand of literature that addresses the consequences of labor turnover on firm performance in personnel economics, Burgess et al. (2000a) suggest a measure for turnover that reduces the sensitivity to reverse causality to some extent, namely worker replacement (or "worker churning" in their terms). According to their notion, total labor turnover encompasses all worker flows in and out of firms, all hirings and all separations. Worker replacement isolates the part of turnover that is solely due to the replacement of existing employees and thus due to re-matching between firms and employees. Hence, this turnover type is the point at which personnel strategies of firms have the highest potential to intervene. Labor turnover due to replacement hiring has shown to be sizeable (Hamermesh et al., 1996; Lane, Stevens and Burgess, 1996) , particularly in young firms (Haltiwanger et al., 2012) . By its definition, worker replacement is independent of changes to a firm's size. I argue that this makes the measure particularly valuable when it comes to an analysis of new ventures. New ventures often have marked employment growth or contraction during their first years in business. To isolate productivity effects due to labor turnover from productivity effects due to firm growth or contraction, it seems reasonable to concentrate on the pure replacement component. Ilmakunnas et al. (2005) contrast the effects of total turnover with the effects of (pure) worker replacement on (total factor) productivity in a sample of established Finnish manufacturing firms. Total turnover (including worker flows due to hires) has an inverted u-shaped effect on productivity, but the pure worker replacement component is strictly positively related to productivity. Replacing employees leads to productivity gains, which the authors attribute to an increase in the employer-employee match quality. This clearly contradicts the implications derived from analyses of (voluntary) separation rates in management research. Unfortunately, while Ilmakunnas et al. (2005) argue that worker replacement is less affected by reverse causality than is total turnover they do not address this issue in more detail. Hence, the robustness of their results also remains undetermined.
Theory
In the following, I build on the resource-based view of the firm (Barney, 1991) and organizational learning literature, as well as on previous literature regarding the consequences of worker replacement in established firms, to derive a baseline hypothesis for the effects of worker replacement on the productivity of young firms (Hypothesis 1). Subsequently, I derive expectations concerning boundary conditions for this baseline hypothesis to hold on the founder and on the firm level (Hypothesis 2 and Hypothesis 3).
The replacement of an employee involves two worker flows, one into the firm (the new employee) and one out of the firm (the replaced employee). These worker flows have costs (loss of human capital and adjustment costs) and benefits (inflow of new human capital and an increase in the quality of the employer-employee match). The open question is whether the costs or the benefits predominate with regard to the productivity of young firms.
While existing research on established firms is somewhat indecisive concerning the impact of separation rates on productivity, it provides evidence of a positive relationship between (pure) worker replacement and productivity. Hence, at least in the short run, the positive effects of labor turnover seem to predominate in established firms in a significant number of cases.
I argue that this outcome is different for young firms, and that the negative effects of worker replacement are also likely to prevail in young firms in the short run. This is for two reasons: firstly, as argued above, young firms can be expected to be sensitive to high worker replacement because of low initial qualities of employer-employee matches. Reasons for this could be that young firms do not yet have established processes for making hiring decisions and seldom use human capital programs (Klaas et al., 2010; Kerr et al., 2007) . Thus, personnel strategies depend strongly on the founder (Burton, 2001; Baron et al., 1996) . If the founder lacks relevant experience in recruiting (for example, about 30 % of the founders in the sample used in this study had neither managerial experience as employed managers nor prior experience as entrepreneurs), this will probably negatively affect the efficiency of the hiring process and the resulting match quality. Hence, search and adjustment costs should be particularly high on average for young firms and it even remains unclear whether the new hiring decisions will lead to an improvement in match quality.
Second, whether the positive or negative consequences of worker replacement prevail should depend on which side of the market (the employee or the employer) initiates the replacement: in other words, whether the leaving employee resigns or is dismissed by the firm. When firms dismiss workers and replace them, they are likely to replace employees from the bottom end of the productivity distribution. The inflow of new human capital might therefore outweigh the costs of the replacement (McElroy et al., 2001) . When workers quit and leave, these workers are likely to come from the top end of the productivity distribution since it should be easier for these workers to find employment with better remuneration in other companies. Hence, the outflow of human capital is likely to be greater than the inflow of human capital, and negative consequences should predominate (Burgess et al., 2000a) .
The latter is a particularly likely scenario in young firms. On one hand, information asymmetries are high when starting as an employee in a young firm and thus the initial sorting is likely to be suboptimal. This should lead to a resolution of the match (Jovanovic, 1979) . Second, young firms are often financially restricted when competing for the best employees (Brixy et al., 2007; Cabral and Mata, 2003) . Thus, they often pay comparatively low wages, which makes it likely that the most productive employees will leave. In summary, I argue that, on average, the negative consequences of worker replacement prevail in young firms.
Hypothesis 1: Worker replacement negatively affects the productivity of young firms.
Existing research on established firms in personnel economics suggests that the extent of labor turnover and its impact on a firm's performance depend on the abilities of its managers to manage worker flows in and out of the firm (Lane, Isaac and Stevens, 1996; Burgess et al., 2000a ). The quality of the management is crucial to the quality of the employer-employee match and determines both whether a potentially costly resolution of a match becomes necessary and whether the replacement leads to an improvement in match quality.
As argued above, in young entrepreneurial firms, employment models and hiring decisions can be expected to depend strongly on the firm's founder (Burton, 2001; Baron et al., 1996) . Managerially experienced founders should be better able to prevent costly worker replacement by ensuring good initial matches and by being able to find better new matches if worker replacement still becomes necessary. Regarding different types of managerial experience Stuart and Abetti (1990) show that, in young firms, prior management experience as an entrepreneur is of particular importance.
By contrast, the "HRM-moderated" view of the relationship between labor turnover and firm performance in the management literature suggests that, when firms invest more in HRM, they have more to lose when labor turnover occurs. Hence, the use of some HRM practices was shown to negatively moderate the relationship between labor turnover and firm performance (Arthur, 1994; Guthrie, 2001; Park and Shaw, 2013) . Translating this into the context of a start-up, this view might suggest that more experienced founders might be better able to train their employees and thus managerially experienced founders should have more to lose when these employees need to be replaced.
I argue that, given the necessarily short average tenure of employees in a new firm, their firmspecific capital should still be low on average and better hiring decisions -which are facilitated through prior managerial experience, as well as prior professional networks that might be available to managerially experienced founders and facilitate recruiting -outweigh the potential negative consequences.
Hypothesis 2: The effect of worker replacement on the productivity of a young firm is more negative when the founder of the firm has no prior managerial or entrepreneurial experience.
Building on the argument of Hypothesis 2, a firm's age can be expected to be a double-edged sword with regard to its effects on worker replacement. On one hand, the managerial experience of the founder increases with the increase in a firm's age and routines for hiring decisions in a firm become more established and formalized. At the same time, financial restrictions to offer competitive wages decrease (Brixy et al., 2007) . In addition, as a firm becomes older, more information about the firm becomes publicly available, which decreases information asymmetries between the firm and its prospective employees. Thus, with the increase in the firm's age, the average quality of employer-employee matches should improve and the firm's position in the labor market should become stronger. This should help young firms to prevent unintended worker replacement and manage worker replacement that still occurs, or is intended by the firm.
On the other hand, since hierarchies can be expected to be flat, especially at the beginning of a firm's life (Rajan and Zingales, 2001) , the tacit knowledge accumulated by the first employees of a young firm can be expected to be crucial for a firm's performance. Furthermore, the value of the firm-specific human and social capital of the employees to the firm should increase in their tenure (Hausknecht and Holwerda, 2013) . Since, for a start-up, a firm's age should be highly correlated with the job tenures of its employees, unconditional on tenure, the potential for worker replacement to harm young firms can be expected to increase during the first years of a firm's existence.
It seems reasonable to assume that founders learn managerial competency at decreasing rates, and that valuable firm-specific human capital and tacit knowledge on the employees' side accumulate as firms start to grow during the first years of their existence. Hence, I expect that, during the first years of a firm's life, the firm's age initially moderates the effect of worker replacement positively, but that the moderating effect attenuates as the firm grows older:
Hypothesis 3: Firm age positively moderates the effect of worker replacement on the productivity of young firms at a decreasing rate.
Empirical setup 4.1 Productivity model
To assess the effects of worker replacement on (total factor) productivity, I model output as value added (total revenues minus intermediate goods) by an augmented Cobb-Douglas production function. I estimate the production function in the log-linear form:
where Y denotes real value added, L is the full-time equivalent size of the labor force, K denotes the capital stock, and WRR denotes the worker replacement rate. X contains additional control variables. u it represents a firm-specific and time-varying error component. Details concerning the measurement of the variables are provided in Section 4.4 and Table 6 in the Appendix A.
Estimation & identification strategies
In addition to reverse causality between worker replacement and productivity, I consider unobserved heterogeneity with regard to factors that might influence both worker replacement and productivity as the main obstacle to the identification of causal effects in this study.
Estimation strategy The problem of reverse causality can be more broadly thought of as a problem of the simultaneous determination of a decrease in a firm's productivity and an increase in worker replacement (Wooldridge, 2015) . As a result of decreasing productivity, firms might simultaneously produce less output and start to replace employees that they perceive as being unproductive. Equivalently, employees could resign in such a situation, for example because they anticipate lower future wages in a firm with decreasing productivity. If the expected decrease in productivity is not controlled for in the productivity model, estimates will be biased. The literature on the estimation of production functions refers to this situation as a negative productivity "shock" to the firm, which is not observed in the productivity model (Ackerberg et al., 2015) .
A negative productivity shock -which could be anticipated by the firm but is not observed in the model -could include a mechanical breakdown or severe local weather conditions, as well as internal problems such as a mismatch between the firm and its employees.
Traditionally, the literature on production function estimation has been concerned with inconsistency of the estimates for the production factors labor and capital (see Ackerberg et al., 2006 Ackerberg et al., , 2015 , for a survey and detailed explanations on procedures to address the endogeneity problem).
Firms are assumed to be more flexible when adjusting labor inputs than when adjusting capital inputs, since the latter depends on longer-term investment decisions. Hence, in anticipation of a productivity shock, firms might adjust the "variable" input of labor but not the "static" input of capital. This would lead to biased estimates for both of these inputs. As a solution to this problem, Levinsohn and Petrin (2003) suggest using the firm's use of intermediate inputs in the production process (e.g. raw materials and energy) to model the unobserved productivity shock as a function of such intermediate inputs and the available capital stock. Intermediate inputs are, as with labor, argued to be variably adjustable. The estimated productivity shock is then included in the estimation of the production function to obtain unbiased estimates, net of the influence of the productivity shock.
In this paper, I consider worker replacement as an additional component of labor input. Thus, I transfer the arguments by Levinsohn and Petrin (2003) and Ackerberg et al. (2006 Ackerberg et al. ( , 2015 for an identification of the effects of the variable input of labor to the identification of the effect of worker replacement. This has been done comparably for example by Parrotta and Pozzoli (2012) for a measure of "learning-by-hiring" and by Iranzo et al. (2008) for a measure of worker diversity.
In order for the estimation procedure by Levinsohn and Petrin (2003) to be valid, assumptions regarding the behavior of firms in the production process have to be made. I present technical details regarding the estimation procedures used in this study and their assumptions in Appendix B. The most critical assumption in the context of this study might be that firms' choices of labor inputs are assumed to be freely variable. In general, this might be difficult to justify in the rigid German labor market. However, there is an exclusion from dismissal protection for small firms in German law, which is known as the "small firm clause": Firms that employ 10 employees or fewer are not restricted by dismissal protection. Roughly 90 % of the sample used in this study falls under this special legislation. As a robustness check, firms that do not fall under the small firm clause were deleted from the sample. This does not change the results qualitatively. To address the problem more formally, I double-check the main results for robustness using an estimation approach suggested by Ackerberg et al. (2006 Ackerberg et al. ( , 2015 , who refine the procedure suggested by Levinsohn and Petrin (2003) and relax the timing assumptions concerning variable inputs. More specifically, they allow labor inputs in the production function to influence productivity for more than one period and hence for the presence of adjustment costs (e.g. in terms of cancellation periods). This might present a more realistic scenario regarding the impact of employment decisions (including worker replacement) on productivity.
Control strategy for unobserved heterogeneity I control for a firm's age and size, as well as for the managerial, entrepreneurial, and industry experience of the firm's founder in all the models since these factors might affect both the productivity of young firms and how they are able to manage worker replacement. A further obstacle to the identification of causal effects in this study might be that the data used in this study lack information about the HRM practices implemented by the firms in the sample. According to the HRM-moderated view discussed earlier, the use of such practices could influence the degree of worker replacement and the productivity of the employees (e.g. by influencing the motivation or the abilities of the employees), and impair the identification of a causal effect of worker replacement on productivity. However, I consider the potential bias to be very small in young firms, since their employment models are shaped by the firms' founders (Burton, 2001; Baron et al., 1996) and they adopt measures such as human capital programs very infrequently (Klaas et al., 2010; Kerr et al., 2007) . Hence, I argue that such factors are reflected adequately by controlling for the human capital of the founders, as well as a firm's age and size.
Finally, the causes and consequences of worker replacement might differ significantly between expanding businesses and contracting businesses, or between situations in which worker replacement is caused by the firm (through a dismissal) and situations in which worker replacement is caused by the employee (through a resignation) (Shaw et al., 2005) . I address such differing mechanisms via robustness checks.
Data
I base the empirical analyses on the first six survey waves of the KfW/ZEW Start-Up Panel, an annual survey of newly established German firms. The KfW/ZEW Start-Up Panel is a joint research project undertaken by the KfW-Bankengruppe, the world's and Germany's largest national publicly owned development bank, the Centre for European Economic Research (ZEW), and Creditreform, Germany's largest credit rating agency. The dataset is designed to be representative of young German firms from almost all industries (the primary sector, the public sector, and the energy sector are excluded) and contains information about 15,300 firms founded between 2005 and 2012. Each year, a sample of new firms that have been founded within the previous three years included in the dataset. In addition, a follow-up survey of firms that have already participated in the survey is conducted in each of the subsequent years until firms are eight years' old or refuse to take part in the survey for two subsequent years.
The sample is a stratified random sample drawn from the population of all firm creations that are recorded by Creditreform (see Bersch et al. (2014) 
Measures
Value added (dependent variable) I measure value added as total revenues minus intermediate inputs. The inspection of a histogram of the dependent variable, logarithmic real value added, indicates that the distribution of logarithmic real value added seems to be reasonably close to a normal distribution. Using OLS as baseline model and, at the first stage of the structural procedure suggested by Levinsohn and Petrin (2003) , thus seems a justifiable choice with regard to the distribution of the dependent variable.
Worker replacement I use a slightly adjusted version of the churning rate introduced by Burgess et al. (2000a) to measure worker replacement. The aim of this measure is to isolate labor turnover that is only due to worker replacement and therefore occurs in addition to the labor turnover that occurs due to a firm's contraction or growth. In contrast to the present paper, Burgess et al. (2000a) study worker flows that occur in a firm at the employee level. In their notion, the replacement of one worker leads to two churning flows: one hiring and one separation.
My focus is on the effects of worker replacement on a firm's performance. Accordingly, I divide the churning rate by two to get a measure for a firm's proportion of replaced employees that is easy to interpret at the firm level. A comparable measure has been used by Albaek and Sorensen (1998) , as well as by Müller and Peters (2010) .
W orker Replacement Rate it =
Hirings it + Separations it − |Hirings it − Separations it | #Employees it + #Employees it−1
Following Burgess et al. (2000a) , I measure worker flows using headcounts and divide the total worker replacement (gross worker flows minus absolute change in employment size) by the average (dependent) employment in a given period to relate the number of replacements to the number of employees at risk of being replaced. I consider worker flows of full-and part-time employees subject to social security contributions as well as atypical employees ("mini-jobbers") since young firms might rely disproportionately on atypical forms of employment. 3 I doublechecked the main results for regular full-time employees only and found the results to be robust.
Since the distribution of the worker replacement is highly skewed, I apply a logarithmic transformation to the variable. To provide insights for the entire sample, including observations with zero values for the worker replacement rate, I apply a dummy variable adjustment as performed in Bloom et al. (2013) . I set the zero values in the untransformed worker replacement rate to the mean value of the logarithmically transformed variable and control for replaced values with a dummy variable whenever the transformed variable is used. Using this procedure, the estimated slope of the logarithmic worker replacement rate is independent of the value that is chosen to set the zero values of the original worker replacement rate to. However, the estimated coefficient of the added dummy variable that controls for the replaced values depends on the choice of the replacement value. Hence, it cannot be interpreted meaningfully and is not reported in the output tables.
Control variables Labor input L it is measured as the full-time equivalent workforce size of a firm in period t. Since founders contribute to value added, they are included in the measurement for labor input. Following Levinsohn and Petrin (2003) , a firm's capital stock K it in period t is calculated as the sum of the depreciated capital stock in period t − 1 and investments in period t. Since no detailed information on depreciation rates is available for the firms, the capital stock of the previous period is always depreciated by 10 %. Other depreciation rates have been tested as a robustness check and do not alter the results qualitatively.
As suggested by Burgess et al. (2000a) , further control variables included in X it are chosen to encompass firm level, employee level and industry level factors. Details on the measurement of all control variables are presented in Table 6 in Appendix A. Firm/founder level controls include the logarithmic age of a firm and dummy variables indicating whether a firm is a limited liability corporation, whether one of the founders had prior experience in the same industry, and whether one of the founders had managerial experience as an entrepreneur or gained managerial experience as an employee. Employee level controls include the share of employees with a uni- I deliberately omit control variables for the highest qualification attained and the age of the founder, which are frequently used in entrepreneurship studies to approximate and control for the general ability of the founder. Neither measure has additional predictive power in the setting of the present study, although their inclusion decreases the sample size. I address the inclusion of both measures in a robustness check.
Summary statistics
To provide an overview of the firms in the regression sample, descriptive statistics for the core variables are reported in Table 1 . Summary statistics for all control variables and a correlation table are provided in Tables 7 and 8 
Results
Main results -Hypothesis 1 The main regression results for the full sample show that, in general, worker replacement affects the productivity of young firms negatively (Table 2 ; detailed results are provided in Table 9 in Appendix A). When I estimate the baseline model using pooled OLS with cluster robust standard errors (columns A and C) or when using the structural approach suggested by Levinsohn and Petrin (2003) (columns B and D), the estimated coefficient for worker replacement is negative and significant (at a 1% level). Squared worker replacement is insignificant, which suggests a strictly negative and non-curvilinear relationship.
Estimated coefficients for labor and capital inputs are in a plausible range. Older start-ups, limited liability corporations, and start-ups of which the founders had prior managerial experience or prior industry experience are significantly more productive.
When estimated via the structural approach, the labor coefficient decreases and the capital coefficient increases. This is the expected effect when the endogeneity of the variable inputs is controlled for. The estimated coefficient of worker replacement decreases only slightly, from -0.087 to -0.074, when endogeneity is taken into account. A 1% increase in worker replacement leads to a 0.074% decrease in value added. When I derive estimates using the structural approach suggested by Ackerberg et al. (2006 Ackerberg et al. ( , 2015 , which relaxes the assumption of Levinsohn and Petrin (2003) that labor and worker replacement are freely adjustable at any time, the results confirm my previous findings qualitatively. 4 An increase in worker replacement by one standard deviation from the mean value (from 0.12 to 0.46) leads to an average loss in value added of 22,000 EUR. This increase by one standard deviation corresponds to an (additional) replacement of approximately one third of the workforce of a young firm. Thus, in summary, the results strongly support Hypothesis 1, namely that worker replacement harms the productivity of young firms.
I run several extensions and robustness checks to assess the validity of the overall negative effect of worker replacement on the productivity of young firms. The results presented in Table 3 (Table 10 in Appendix A for detailed results) reproduce the prior estimates when only the subset of observations with positive worker replacement is considered. The negative effect of worker replacement on productivity is slightly higher (-0.121 for OLS results; -0.106 for structural estimates) in the restricted sample but, again, no curvilinear relationship is detected. Further extensions confirm that the negative effect of worker replacement on productivity seems to hold across the entire distribution of the worker replacement rate (Table 11 in Appendix A). When I include a dummy variable for positive worker replacement rates only, the estimated effect is negative and significant at a 1% level. All else being equal, having positive worker replacement leads to an average decrease of 6.7% in value added. When I include worker replacement without applying a logarithmic transformation, all implications and significance levels remain unchanged.
This latter robustness check addresses concerns regarding the somewhat high correlation of logarithmic worker replacement with firm size and assesses the robustness of the results with regard to the dummy variable correction for zero values of worker replacement that is applied to the logarithmic worker replacement in the full sample.
The focus of Hypotheses 2 and 3 is on differences in the way that new ventures manage the worker replacement that actually occurs. Therefore, I concentrate on results for firms with positive worker replacement and present the results from the full sample as a robustness check. Since differences between pooled OLS and the structural estimates are minor for all specifications and do not lead to different conclusions, I present only the OLS estimates, which are more efficient than are those of the structural multi-step procedure, for all remaining analyses.
Founder experience -Hypothesis 2 To test Hypothesis 2, I distinguish between worker
replacement in new firms where at least one founder had prior managerial experience and worker replacement in other firms where this is not the case (Column A of Table 4 ). In the first step, managerial experience can stem either from a managerial position in previous work as employee (directly before the start-up of his/her own business) or from prior managerial experience as a founder of a new firm. The effect of worker replacement on productivity is negative and significant in both groups, but is more than double (-0.216 vs. -0.088) when the founding team had no managerial experience. The interaction of worker replacement and managerial experience shows that the difference between the two groups is significant at a 5% level and that managerial experience moderates the effect of worker replacement on productivity (including the interaction term leads to a significant increase in the R-squared compared to a model without interactions). Figure 1 depicts the interaction between worker replacement and managerial experience. As worker replacement increases, productivity decreases for firms with managerial experience and firms without managerial experience. However, productivity is higher and decreases at a slower rate for firms with managerial experience. The difference between the two groups is statistically significant at a 5% for all worker replacement rates above 0.05. These results clearly support Hypothesis 2, which states that when founders have managerial experience, the negative effect of worker replacement on productivity is smaller.
To better understand the mechanisms behind this result and allow the provision of better targeted managerial advice regarding which types of experiences are best to improve the ability to manage worker replacement, I separate managerial experience into prior managerial experience as an employee and prior managerial experience as an entrepreneur (Table 12 in Appendix A).
The interaction with worker replacement is positive for both types of experience, but only significantly so for managerial experience in dependent work (Column A). This result seems somewhat puzzling since prior research has explicitly stressed the importance of prior entrepreneurial experience for new firms to succeed (Stuart and Abetti, 1990) . Decomposing entrepreneurial experience further can explain this finding (Column B). Being a successful prior entrepreneur (i.e. the entrepreneurial experience stems from a prior business that was sold profitably or is still run by the entrepreneur) positively moderates the effect of worker replacement on productivity.
By contrast, the interaction with worker replacement is negative (but insignificant) when the entrepreneurial experience stems from a failed attempt as an entrepreneur (i.e. the previous business went bankrupt). The interaction term with worker replacement is positive but insignificant for the "neutral" group for which the final outcome of the prior entrepreneurial endeavor cannot be clearly categorized as a success or as a failure (i.e. the previous business was passed on to another person without payment or the business was closed voluntarily).
This result questions the channel through which having prior managerial experience affects the management of worker replacement. I argued earlier in this paper that prior managerial experience might imply having experience in recruiting and that the effect of worker replacement on productivity might be moderated via this channel. Thus, a consistent interpretation of the above result is that previously dependently employed managers and "successful" prior entrepreneurs have learned how to manage worker flows better than have other founders and hence achieve better outcomes. On the other hand, an alternative explanation for the finding might be that experience measures such as ours also entail a quality component of human capital that is not picked up by the other control variables in the model. Being entrusted with a managerial position in dependent employment requires other people (or at least one person) to consider the individual to be sufficiently competent to do this job. This establishes a minimum threshold for the quality of the managerial competence measured. By contrast, anybody can register a firm and obtain "managerial experience" as an entrepreneur. Considering "successful" entrepreneurial experience only establishes a minimum threshold for the quality of the managerial competence as an entrepreneur as well. Hence, the estimates might measure a composite effect of experience and general ability, and may thus impair the identification of a causal effect of managerial experience on the relationship between worker replacement and productivity. However, having managerial experience as an employee or having experience as a successful entrepreneur would still remain valid signals that a founder is able to manage worker replacement better than can other founders.
To rule out the alternative explanation, I ran two robustness checks. First, I added a dummy variable for founders with a university degree as a measure of general ability and interacted the dummy with worker replacement. Second, I repeated the robustness check with the age of the oldest founder as a general ability measure. In both cases, the main effects of the ability measures and the interactions are insignificant. Hence, I regard it as unlikely that the results for Hypothesis 2 are driven by differences in ability rather than in experience.
Firm age -Hypothesis 3 To test Hypothesis 3, I divide the young firms in the sample into three age groups: "very young" firms (below the 25th percentile of the age distribution of the sample -below 2.4 years of age), "middle-aged" young firms (within the 25th and the 75th percentile of the age distribution) and "old" young firms (above the 75th percentile of the age distribution -above 4.9 years of age). The results are shown in Table 5 . The effect of worker replacement on productivity is negative and significant in all three age groups, but is largest for very young firms (columns A and C). In contrast to the remarkable decrease in the negative effect of worker replacement as firms change from being very young firms to becoming Worker replacement rate ( middle-aged young firms, as firms become even older, the negative effect does not decrease further. Instead, it rather increases slightly. This finding can be confirmed by interaction analyses (columns B and D). In comparison to middle-aged start-ups, worker replacement is significantly more harmful for very young start-ups, but the effect of worker replacement does not differ significantly between middle-aged and old start-ups. This pattern supports Hypothesis 3 and is consistent with the interpretation that founders learn how to manage worker flows better as a firm becomes older but that, with an increase in a firm's age, learning occurs at a decreasing rate. As the learning curve attenuates, the stock of tacit knowledge and firm-specific human capital accumulated by the employees increases further and makes worker replacement more costly in terms of productivity.
An alternative explanation for the observed relationship between the effect of worker replacement and firm age might be that poorly performing firms, which have both low productivity and high worker replacement, are still well represented amongst the "very young" firms in the sample but are under-represented in the older age groups (possibly because they exit the market faster than do better performing firms with lower worker replacement rates). Hence, the observed pattern would be driven by the different survival prospects of high-and low-productivity firms. To rule out this alternative explanation, I deleted all firms that exited the market before entering the middle age group (and hence before the attenuation of the moderating effect of firm age) from the sample. The effect sizes remain almost constant and the results do not change qualitatively. Therefore, the patterns do not seem to be driven by differences in survival.
As a more general robustness check regarding the results for Hypothesis 3, I model the relationships between worker replacement, firm age, and squared firm age as continuous-by-continuous interactions (Table 13 in Appendix A). The interaction terms show the expected signs, but are insignificant. Figure 2 plots the marginal effect of worker replacement across the firm age distribution from the continuous-by-continuous interactions (including 95% confidence intervals).
The graph depicts the expected attenuation of the decrease in the negative effect of worker Further robustness checks In further robustness checks, I differentiate between various mechanisms that can cause worker replacement and test the consistency of the negative overall effect of worker replacement in several sub-groups of the sample (Table 14 in Appendix A) .
First, to test whether basis effects in the worker replacement rate for very small firms bias the results, I distinguish between the effects of worker replacement above and below the sample median in terms of employment size. The estimated effect of worker replacement for smaller firms is slightly higher but less significant than it is for older firms. The difference is not significant; thus, basis effects do not seem to be a major problem.
Second, prior research has shown that the frequency and the consequences of worker replacement in established firms vary among industries (Burgess et al., 2000a; Lane, Isaac and Stevens, 1996) and that worker replacement is higher in service than it is in manufacturing industries. Sectoral differences seem reasonable since tacit knowledge, which is lost due to the replacement of an employee, can be expected to be of greater or lesser importance depending on the industry. To rule out the negative overall effect being driven only by some sectors and to allow the provision of managerial advice that is targeted more appropriately, I distinguish between effects of worker replacement on firms in manufacturing industries (including construction) versus service industries (including retailers), as well as between firms in knowledge-intensive and other industries.
The effect of worker replacement is negative, significant, and of comparable magnitude for all the sub-groups. Hence, worker replacement seems to be harmful to firms' productivity across and within industries.
Third, one might expect the negative overall effect of worker replacement on productivity to be driven by contracting firms. Differentiating the effects of worker replacement in contracting, steady, and growing firms shows that this is not the case. The negative effect is almost equal for all three types of firms. This is in line with Burgess et al. (2000a) , who showed that fast growth can be a driver of worker replacement. These authors argue that fast growth leads to a decrease in the quality of every single match, which triggers subsequent and costly replacement.
Fourth, two possible general explanations are in line with the observed negative effect of worker replacement on productivity. On one hand, the negative effect might stem from employees choosing to leave. As argued earlier in this paper, it seems reasonable to assume that the most productive employees are the first to leave a firm voluntarily and that young firms might find it difficult to replace this outflow equivalently. On the other hand, the negative productivity effect could stem from the replacement of employees who were dismissed by the firm. The negative effect would then reflect an underestimation of the adjustment costs associated with the replacements. Both explanations seem to be within the realm of possibility in the context of young firms that have a comparatively weak position in the labor market and limited experience of recruitment. The information in the data allows addressing the issue for the purposes of a robustness check. For firms that were surveyed for the year 2012, the questionnaire contained questions about the number of separations that were resignations and on the number of separations that were dismissals. Using this information reduces the size of the sample strongly.
When I distinguish between worker replacement in firms with more resignations compared to dismissals and worker replacement in firms with more (or an equal amount of) dismissals compared to resignations, the effect is negative and of comparable magnitude in both parts of the sample, but is only significant in the part where there are more resignations. By contrast, when I further restrict the sample to firms that only had dismissals and firms that only had resignations, the negative effect is somewhat larger and is only significant for firms that only had dismissals. However, the difference between the two groups is not significant in either case. In summary, the robustness check does not suggest that either worker replacement triggered by resignations or worker replacement triggered by dismissals is more harmful, but that both have a similarly negative effect on young firms.
Concluding discussion
In this paper, I show that the overall effect of worker replacement on the productivity of young firms is negative. This result is independent of the extent of the observed worker replacement and I do not find any conditions under which worker replacement triggers statistically significant positive effects on young firms' productivity. The negative productivity effects are particularly strong when founders lack managerial experience and new businesses are still very young. Most importantly, even when worker replacements are initiated by the firms themselves, the impact on the firm performance remains significantly negative.
A 1% increase in worker replacement is associated with a decrease in value added of 0.074%.
A more easily catchable example might be the following: If the median employment size young firm in the sample (with three employees) replaces (or has to replace) one of its three employees during a given period, this is associated with an average loss in value added of approximately 22,000 EUR. The losses are more than twice as large for firms in which the founders have no managerial experience. These losses only encompass short-term costs in terms of productivity.
Since research on established firms suggests that worker replacement is negatively associated with longer term performance measures, the total costs of worker replacement in the long run can be expected to be even higher.
The negative effect of worker replacement on young firm performance has two main explanations, namely the comparatively weak position of young firms in the labor market and deficiencies of young firms to secure good employer-employee matches. It is interesting that prior managerial experience in dependent work and prior experience as a successful entrepreneur are both effective sources of managerial competence for young firms (as far as the management of worker replacement is concerned). However, founders who were not successful in their previous entrepreneurial attempts do not manage worker replacement better than completely inexperienced founders. This suggests that prior entrepreneurial attempts are best understood as trial-and-error or learning processes and that being a successful prior entrepreneur can serve as signal that learning was successful. In line with my theoretical expectations, the empirical analyses in this paper also provide some suggestive (although not robust) evidence that worker replacement becomes less disruptive, but never positively associated with productivity, as firms become older. Increases in financial resources to retain productive employees and entrepreneurs experience in managing worker flows lead to an initial decrease in the negative consequences of worker replacement. However, as firms continue to age, losses of firm-specific capital and tacit knowledge due to worker replacement seem to play an increasing role and offset the positively moderating effect of firm age.
For young firms, a firm's age is likely to be correlated with its employees' job tenure. Therefore, an interesting starting point for future research would be to disentangle how firm age and how individuals' job tenures, and thus their accumulated tacit knowledge, moderate the relationship between worker replacement and the productivity of young firms. In addition, a more thorough analysis on the level of the individuals who are replaced, which is beyond the scope of the present study, would be important to better understand the effects of worker replacement on firm performance. Hence, the results of the present study call for an identification of further moderating effects at the individual level of the employees in further research. founders/managers to take might be to develop or reconsider their firms' strategies to increase the job embeddedness of their employees. Particularly for founders without prior managerial experience or with a previous failure in an entrepreneurial enterprise, it might be worth considering seeking the assistance of personnel consultants to develop better hiring and human resource management strategies. For policy makers, it is important to note that young entrepreneurial firms, which seem to be of major interest from a policy perspective, suffer strongly from worker replacement. Since the detrimental effects stem mainly from managerially inexperienced founders, a useful strategy might be to improve entrepreneurial education and shift the focus in entrepreneurship courses to skills such as personnel management.
A Appendix: Tables Capital log Sum of the depreciated capital stock of the last period and investments in the current period (depriciation rate is 10 %).
Intermediate inputs log Costs for materials, energy, and other inputs (e.g. semifinished products or merchandise). Used to derive value added and to model unobserved productivity shocks following Levinsohn and Petrin (2003) and Ackerberg et al. (2015) .
Managerial experience as employee y/n One if the founder (or at least one founder in the team) transitioned from a managerial or executive position in private or public company.
Entrepreneurial experience y/n One if the founder (or at least one founder in the team) started up an own company before.
Managerial experience y/n One if the founder (or at least one founder in the team) has either managerial experience as employee or entrepreneurial experience.
Industry experience y/n One if the founder (or at least one founder in the team) has prior experience in the industry of the startup (industry digit level is undefined in the question).
Highly qual. workers (share) share Share of dependent employees with tertiary degree. B Appendix: Structural identification of production functions I briefly describe the estimation procedure suggested by Levinsohn and Petrin (2003) and the extension to this procedure suggested by Ackerberg et al. (2006 Ackerberg et al. ( , 2015 in this Appendix. For more complete explanations, I refer to the original work of the authors. The basic intuition behind both procedures is to make timing assumptions about the behavior of profit maximizing firms in the production process and to use these assumptions to identify estimates of the production factors that are unbiased by a productivity shock that is observed by the firm but not by the econometrician. Following Levinsohn and Petrin (2003) and Petrin et al. (2004) the basic timing assumptions that need to be made for this are that the capital stock of a firm in period t is assumed to be a fixed input in t that is not affected by a potential, unobserved productivity shock (because investment decisions depend on longer time horizons). By contrast, variable inputs into the production function (such as labor and intermediate inputs) are considered to be freely adjustable in t and are therefore potentially affected by an unobserved productivity shock. For better readability, I consider only labor as variable input of interest in this outline. As discussed in the main text, the same arguments as for labor also extend to other variable input factors like the worker replacement rate. Levinsohn and Petrin (2003) assume that the error term of the production function equation u it consists of two parts, such that
v it is known by the firm but unknown by the economist, while it is an innovation unknown to both the firm and the economist. Assuming that an optimizing firm's demand for intermediate inputs depends on its fixed capital level and is strictly increasing in the productivity shock, the demand for materials can be expressed as a function of capital and the productivity shock:
Under the condition that the demand for materials increases monotonically for all levels of the productivity shock, this function can be inverted aŝ
to obtain a measurement for the unobserved productivity shock. Levinsohn and Petrin suggest approximatingv it with a third-order polynomial in lnM it and lnK it , and including this proxy in the first stage of the estimation procedure to obtain unbiased OLS estimates for the variable inputs. Following (Levinsohn and Petrin, 2003) , to test whether the monotonicity assumption holds, I plotted and checked a graph of the relationship between materials, capital and the estimated productivity shock from the data used in this study. The use of materials is higher for all levels of capital input and all levels of the estimated productivity shock. Therefore, making the monotonicity assumption seems to be justifiable in the context of this study.
The coefficients for capital and materials are disentangled in the second step of the estimation procedure. This requires that the additional assumption that the productivity shock follows a first-order Markov process such that
where ξ it is an innovation to the productivity shock. Two moment conditions to identify the coefficients for capital and materials can then be formulated assuming that both the capital inputs in t (this is the assumption stated at the beginning) and the material choices in t − 1 (this needs the assumption that the productivity shock follows a first-order Markov process) do not depend on the innovation to the productivity shock in t. More formally, that E[ξ it lnK it ] = 0 and E[ξ it lnM it−1 ] = 0.
Estimates for the procedure suggested by (Levinsohn and Petrin, 2003) are derived using the Stata routine implemented by (Petrin et al., 2004) . Ackerberg et al. (2006 Ackerberg et al. ( , 2015 argue that in the first stage of the procedure suggested by (Levinsohn and Petrin, 2003) lnL it is functionally dependent on lnK it and lnM it and hence that the coefficient for labor are not identified. As a solution, they suggest to use the first stage only to net out the unobserved productivity shock by including also lnL it in the polynomial that approximates the productivity shock. All coefficients are then identified at the second stage which requires the additional moment condition
Estimates for the procedure suggested by Ackerberg et al. (2006 Ackerberg et al. ( , 2015 are derived in Stata using an own implementation. I based my implementation on a template thankfully offered by Jagadeesh Sivadasan on his webpage at the University of Michigan 5 and on code available in the web appendix of Ackerberg et al. (2015) .
